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1 
The present invention relates to mineral lubri- 
cating oils and other petroleum hydrocarbon 
products containing as an additive an oxidation 
inhibiting or corrosion resisting agent. 
Oxidation inhibiting addition agents for min- 
eral oils, and especially for mineral lubricating 
oils, have been previously made by sulfurizing 
rats, fatty ofls, and hydrocarbon rnaterials with 
free sulfur by heating at an elevated tempera- 
ture, and whfle such products have been used for 
many years, they are not satisfactory because he 
sulfurization is accompanied by side reactions 
such as cracldng, polymerization and the like, 
which give fise to inactive constituents and dark- 
ly colored bodies, some of which may be merely 
useless while others are decidedly objectionable. 
In accordance with the present invention an 
addition agent containing both sulfur and phos- 
phorus may be prepared which is free from the 
above objectionable features. This product is 
prepared in two steps. In the first step, a phenol 
is reacted with phosphorus sulfochloride under 
conditions which cause the introduction of at 
least 1% by weight of each of the elements sul- 
fur and phosphorus and at least 0.75% by weight 
of chlorine. In the second step of the Process, 
the product thus formed is further reacted with 
an alkali metal sali of an organo-substituted 
thiophosphorous or dithiophosphoric acid, where- 
by an alkali metal chloride separates as a by- 
PrOdUCt, and the final reaction product contains 
an additional amount of sulfur and phosphorus. 
Blends of this product in oxidation inhibiting 
amounts in lubricating oils are light colored, and 
the product does hot tend to produce strong or 
corrosive acids on hydrolysis in the presence oi 
moisture. 
In accordance with the process of this inven- 
tion, about two rnolecular proportions of the phe- 
nol are reacted with one molecular proportion of 
phosphorus sulfochloride, he latter being prefer- 
ably employed in slight excess of the order of 0.1 
to 0.5 mols. The reactants are heated together, 
generally without the use of a solvent, at a tem- 
perature of about 100 to 160 ° C., preferably 110 to 
140 ° C., for a period of rime sulïicient to produce 
a reaction product which, after separation of un- 
reacted phosphorus sulfochloride, contains at 
least the amounts of sulfur, phosphorus and 
chlorine referred to above. This rime is from 
about 1 to about 10 hours, and usually a period 
of 2 to 4 hours is suflicient. The reaction may be 
conducted without a catalyst, but it is generally 
advantageous to employ a catalyst of the Frie- 
del-Crafts type, such as aluminum chloride, 

2 
boron trifluoride, or stannic chloride. When a 
catalyst is employed, the same may be removed 
frorn the reaction product by washing with acid- 
ifled ice water. Analyses of the products of this 
5 reaction do hot indicate a deflnite single com- 
pound for the reaction product but rather a mix- 
ture of several types of compounds. 
In the second step of the Process, the reaction 
Product of the phenol and phosphorus sulfochlo- 
10 ride is heated, in he presence of a suitable inert 
solvent, such as chloroform, carbon tetrachloride, 
or a hydrocarbon solvent such as hexane or hep- 
tane if desired, with a metal salt of an organo- 
substituted acid of phosphorus of the formula-- 
RX 
P--SM 
where 1 is a hydrocarbon radical containing 2 to 
20 30, preferably 2 to 18, carbon atoms and rnay be 
an alkyl, cycloaliphatic, aryl, aralkyl, or alkaryl 
radical; X is oxygen or sulfur; 1ri is an alkali or 
alkaline earth metal; and n is 0 or 1. The amount 
of the metal salt should be at least equivalent, 
25 on a molecular basis, to the chlorine which is 
Present in the phenol-phosphorus sulfochloride 
reaction product. The reaction is conducted at 
a temperature which may range from about 50 
to about 160 ° C., preferably 60 fo 100 ° C., and is 
30 continued until the final reaction product, after 
separation of the by-product metal chloride, con- 
tains hot more than 0.5% by weight of chlorine. 
The reaction is generally complete within a pe- 
riod of 1 to 10 hours. It is usual to heat the 
35 mixture at the refluxing temperature of the sol- 
vent. No catalyst is required. The resulting 
mixture is flltered to remove the precipitated 
metal chloride and evaporated or distilled o 
rnove the solvent. 
40 The phenols which may be employed in the flrst 
step of the process, i. e., in the reaction with the 
phosphorus sulfochloride, may be phenol itself, 
or an alkylated phenol containing one or more 
alkyl groups ranging in chain length from I to 
45 30 carbon atoms, and thus may include phenols 
of the tyPe of cresol, butyl phenol, amyl phenol, 
diamyl phenol, tert.-octyl phenol, cetyl phenol, 
wax-alkylated phenols, petroleum phenols, and 
the like. Phenols containing unsaturated side 
50 chains, such as cardanol, a product derived from 
cashew nut shell off, may also be used. 
The organo-substituted thioacids of phospho- 
rus, from which the rnetal salts emploYed in the 
second step of the process are derived, may be 
J prepared by known means, as, for example, by 
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reacting a sulfide of phosphorus with an alcohol, 
mercaptan or phenol ai any convenient reacting 
temperature ranging from room temperature to 
about 250 ° F. 
Among the alcohols which are generally 5 
preferred for use as starting materials in the 
preparation of the acids of phosphorus may be 
mentioned ethyl, isopropyl, and amyl alcohols, 
2-ethylhexanol, methyl cyclohexanol, lauryl alco- 
hol, a commercial mixture of C10 to C18 alcohols 10 
known as "Lorol B" alcohol, stearyl alcohol, 
alcohols derived from wool fat, sperm off, natural 
waxes and the like, and similar compounds. A 
commercially important group of alcohols wlich 
may be conveniently employed in the preparation 15 
of the acids of phosphorus are the so called "Oxo" 
alcohols, which are primarily monohydric ali- 
phatic alcohols of a branched chain character, 
obtained by the catalytic reaction of mono- 
olefins with carbon monoxide and hydrogen to 0 
form aldehydes and the subsequent hydrogena- 
tion of aldehydes to ïorm the alcohols. Par- 
ticularly important are the alcohols obtained in 
this manner from polypropylene and from 
propylene-butylene copolymers containing 6-16 5 
carbon atoms. The corresponding mercaptans 
may be simflarly employed, for example, n-butyl 
mercaptan, tert.-octyl mercaptan, tert.-dodecyl 
mercaptan, and the like. The phenols which 
may likewise be employed in preparing the thio 30 
acids of phosphorus include any oî the phenols 
described above in connection with the first step 
of the process. 
The metal salts of the above described acids 
of phosphorus may be readily prepared by react- 5 
ing the acid with the hydroxide of an alkali or 
alkaline earth metal. The latter may be con- 
veniently dissolved in methanol as the solvent, 
and the solution is added slowly at a temperature 
of about 30 to 50 ° C. until the acid is neutralized. 40 
The water of reaction and the solvent may then 
be removed by heating on the steam bath. 
When the products of the present invention are 
added to mineral oils for the purpose of inhibit- 
ing oxidation of the saine when in contact with 45 
air, they are preferably added in proportions of 
about 0.01 to about 10%, and usually 0.1 to 2%. 
The proportions giving the best results in given 
cases will vary somewhat in accordance with the 
50 
nature of the additive and of the base off and in 
accordance with the specific purpose the oil is 
fo serve in a given case. For commercial 
purposes, when the additive is tobe employed in 
mineral lubricating oils, it is convenient to 55 
prepare concentrated lubricating off solutions in 
which the amount of the additive in the com- 
position ranges from 25% to 50% by weight, and 
to transport and store them in such form. In 
preparing lubricating oil compositions for use, 0 
as in the crankcase of an internal combustion 
engine, the additive concentrate is merely blend- 
ed with the base off in the required amount. 
Below is given a detafled description of the 
preparation and testing of an example of a 65 
mineral oil additive prepared in accordance with 
the method of the present invention. It is fo be 
understood that this example is given by way 
of illustration only and is not fo be construed as 
lhniting the scope of the present invention in 70 
any way. 
Example I 
300 g. (1.45 mols) o£ tertiary octyl phenol 
(prepared by alkylating phenol with commercial 75 
diisobutylene) and 30 g. oï anhydrous aluminum 

4 
chloride were charged into a reaction flask and 
the mixture was heated with agitation fo 70 ° C. 
With a small stream of nitrogen bubbling 
through the mixture, 180 g. (1.06 mols) of phos- 
phorus sulfochloride were added dropwise at 
80-100 ° C., the addition requiring 30 minutes. 
The mixture was heated for 13/4 hours at 
100-120 ° C., after which the introduction of 
nitrogen was discontinued and the mixture 
heated at 120-140 ° C. for 1 hour longer. After 
cooling to room temperature, the mixture was 
taken up with 400 cc. of benzene and washed 
twice with ice water acidified with hydrochloric 
acid. The benzene layer was dried over 
hydrous calcium chloride and then heated on a 
steam bath to evaporate the solvent. A dark 
green viscous residue was obtained, which gave 
the following analysis: 
Per cent 
Sulfur .................................. 1.70 
Phosphorus ............................. 1.32 
Chlorine ................................ 2.04 
i00 g. of this product was then charged into 
a flask with 15.1 g. of potassium diisopropyl 
dithiophosphate (prepared by reacting isopropyl 
alcohol with P2S5 and converting the product into 
the potassium salt) and 300 cc. of chloroform as 
solvent. This mixture was refiuxed with agita- 
tion for two hours, then filtered and the filtrate 
heated on a steam bath fo remove the solvent. 
A green fiuid off was obtained which solidifled 
on standing at room temperature. This product 
was round fo give the following analysis: 
Per cent 
Sulfur .................................. 3.50 
Phosphorus ............................. 2.50 
Chlorine ................................ 0.49 
Example 2 
A blend was prepared containing 0.25% by 
weight of the product of Example 1 in a base off 
consisting of an extracted Mid-Continent paraf- 
finic lubricating off of SAE 20 grade. A sample 
of this blend and a sample of the unblended base 
off were submitted to a laboratory test designed 
to measure the effectiveness of the additive in 
inhibiting the corrosiveness of a typical mineral 
lubricating off towards the surfaces of copper- 
lead bearings. The test, known as the S. O. 
Corrosion Test, was conducted as follows: 
500 cc. of the off was placed in a glass oxida- 
tion tube (13 inches long and 2% inches in diam- 
eter) fitted at the bottom with a /4 inch air inlet 
tube perforated to facilitate air distribution. The 
oxidation tube was then immersed in a heating 
bath so that the off temperature was maintained 
at 325 ° F. during the test. Two quarter sections 
of automotive bearings of copper-lead alloy of 
known weight having a total area of 25 sq. cm. 
were attached to opposite sides of a stainless 
steel rod which was then immersed in the test off 
and rotated at 600 1%. P. M., thus providing suf- 
ficient agitation of the sample during the test. 
Air was then blown through the off at the rate 
of 2 cu. ft. per bout. Af the end of each four- 
hour period the bearings were removed, washed 
with naphtha and weighed to determine the 
amount of loss by corrosion. The bearings were 
then repolished (to increase the severity of the 
test), reweighed, and then subjected fo the test 
for additional ïour-hour periods in like manner. 
The results are given in the following table as 
"corrosion lire," which indicates the number of. 
hours required for the bearings to lose 100 mg. 
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in weight, determined by interpolation of the 
data obtained in the various perlods. 

Bearing 
Off or Off Blend Corrosion 
Lire (Hrs,) 
Unblended Base off .................................. 9 
Base ofl÷0.25% product of :Example 1 ................ 32 

The products of the present invention may be 
employed not only in ordinary hydrocarbon lubri- 
cating ofls but also in the "heavy duty" type of 
lubricating ofls which bave been compounded_ 
with such detergent type additives as metal soaps, 
metal petroleum sulfonates, metal phenates, metal 
alcoholates, metal alkyl phenol sulfides, metal 
organo phosphates, phosphites, thiophosphates, 
and thiophosphites, metal xanthates and thio- 
xanthates, metal thiocaÆbamates, and the like. 
Other types of additives, such as phenols and 
phenol sulfldes, may also be present. 
The lubricating oil base stock used in the com- 
position of this invention may be straight mineral 
lubricating oi!s or distfllates derived fÆom par 
affinic, naphthenic, asphaltic or mixed base 
crudes, or, if desired, various blended oils may 
be employed as well as residuals, particulaÆly 
those frorn which .asphaltic constituents bave 
been carefully removed. The oils may be reflned 
by conventional methods using acid, alkali and/or 
clay or other agents such as aluminum chloride, 
or they may be extÆacted oils pÆoduced by solvent 
extraction with solvents such as phenol, sulfur 
dioxide, etc. Hydrogenated oils or white oils may 
be employed as well as synthetic oils prepared, 
for example, by the polymerization of oleflns or 
by the reaction of oxides of carbon with hydrogen 
or by the hydrogenation of coal or ifs products. 
In certain instances cracking coil far fractions 
and coal far or shale off distillates may also be 
used. Also, for special applications, animal, 
vegetable or fish oils or their hydrogènated or 
voltolized products may be employed in admix- 
tures with mineral ofls. 
For the best results the base stock chosen 
shoul.d normally be an off which wlth the new 
additive present gives the optimum performance 
in the service contemplated. However, since one 
advantage of the additives is that their use also 
makes feasible the employment of less satisfac- 
tory mineral oils, no strict rule can be laid clown 
for the choice of the base stock. The additives 
are normally sufficiently soluble in the base stock, 
but in some cases auxfliary solvent agents may be 
used. The lubricating oils wfll usually range 
from about 40 to 150 seconds (Saybolt) viscosity 
af 210 ° F. The viscosity index may range from 
0 fo 100 or even higher. 
Other agents than those which bave been 
mentioned may be present in the oil composition, 
such as dyes, pour point depressants, heat thick- 
ened fatty oils, sulfurized fatty oils, sludge dis- 
persers, antioxidants, thickeners, viscosity index 
improvers, oiliness agents, resins, rubber, olefln 
polymers, and the like. 
Assisting agents which are particularly desir- 
able as plasticizers and defoamers are the higher 
alcohols having preferably 8-20 carbon atoms, 
e. g., octyl alcohol, lauryl alcohol, stearyl alcohol, 
and the like. 
In addition to being employed in lubricants, 
the additives of the present invention may also 
be nsed in other petroleum hydrocarbon prod- 
ucts such as motor fuels, hydraulic fuels, torque 

converter fluids, cutting oils, flushing ofls, tur- 
bine oils, transformer oils, industrial oils, process 
oils, and the liké, and generally as antioxidants 
in mineral oil products. They may also be used 
5 in gear lubricants, grease and other products con- 
taining mineÆal oils as ingredients. 
What is claimed is: 
1. A petroleum hydrocarbon product contain- 
ing dissolved therein 0.01 to 10% by weight of a 
10 product prepared by first heating about two 
molecular proportions of a phenol with one 
molecular proportion of phosphorus sulfochloride 
at a temperature of about 100 to 160 ° C. for a 
period of rime sufficient fo produce a reaction 
15 product which, after separation of any unreacted 
phosphorus sulfochloride, contains at least 1% by 
weight each of sulfur and phosphorus and at 
:least 0.75% by weight of chlorine, and ïurther 
reacting such reaction, product with an amount 
20 af least equivalent to the ctflorine present in such 
reaction product of a metal sait of the formula-- 
RX S 
P--SM 
25 RX / 
where 1 is a hydrocarbon radical containing 2 fo 
30 carbon atoms, X is an element selected from 
the group consisting of oxygen and sulfur, and 
M represents the hych'ogen equivalent of a metal 
3O selected from the group consisting of alkali and 
alkaline earth metals, by heating together at a 
temperature of about 50 fo about 160 ° C. for a 
period of rime sufficient fo produce a final reac- 
tion product which, after separation of the by- 
?,5 product metal chloride, contains not more than 
0.5 % by weight of chl0rine. 
2. A composition according to claire 1 in which 
the petroleum hydrocarbon product is a lubricat- 
4O ing 0fl fraction. 
3. A composition according fo claire 1 in which 
the phenol is tertiary octyl phenol. 
4. A composition according fo claire 1 in which 
X of the formula is oxygen. 
5. A composition according to claire 1 in which 
5 IYI of the formula is an alkali metal. 
6. A composition according fo clim 1 in which 
the phenol is tertiary octyl phenol and in which 
the first step of the Process described is conduct- 
ed in the presence of a Friedel-Crafts type cata- 
5O lyst. 
7. A composition according to claire 6 in which 
the catalyst is aluminum chloride. 
8. A composition according fo claire 1 in which 
the petroleum hydrocarbon product is a lubricat- 
55 ing off fraction, in which 1 of the formula is an 
alkyl group, and in which X of the formula is 
oxygen. 
9. A composition according fo claire 1 in which 
the petroleoEm hydrocarbon product is a lubricat- 
60 ing off fraction, in which 1 of the formula is an 
isopropyl radical, and in which M of the formula 
is potassium. 
10. A mineral lubricating off containing dis- 
solved therein 0.01 to 10% by weight of a product 
65 prepared by first heating about two molecular 
proportions of tertiary octyl phenol with one 
molecular proportion of phosphorus sulfochloride 
at a temperature of about 100 fo 160 ° C. for a 
period of 1 to 10 hours in the presence of alumi- 
70 num chloride as catalyst, and reacting the prod- 
uct thus ïormed with an alkali metal di- 
alkyl dithiophosphate, the latter being present 
in an amount approximately equivalent, on a 
moiecular basis, fo the chlorine present in the 
75 said product, said reaction being carried out by 
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heaig said product and dialkyl dithiephesphate 
together at a temperature of about 50 ° to about. 
16 ° C. for a period of rime suflicient to produce 
a final reaction product which, after separation 
of the by-product moral Ch!oride, contains hot 
more than about 0.5% by weight Of chlorine. 
11. A mineral lubricating off contining dis- 
solved therein about 0.25 % by weight of a prod- 
ucç prepared by first heating about_ two molecular 
proportions of tertiary octyl phenol, with one 10 
molecular proportion oï phosphorus sulfochloride 
at a temperature-oï 110 to 14W C, for a period 
oï about 1sA hours in the presence Of a-luminum 
chloride as catalyst, and heating, a mixture 
the product thus ïormed and a suflicient amount 15 
of potassium diisopropyl dithiophosphate to re- 
act with all of the chlorine present in the presence 
of chloroform as a solvent, ai the refiuxing tem- 
perature for a period of about, two hours. 
12 A composition consistin essen_tiallF of a 20 
mineral lubricatin oil and an additive as 
fined in claire 1, the amount of said additive in 
the composition bein 25-50 % by weiht. 
13. A composition consisting essentially of a 
mineral lubricatin off and an additive as defined 2,5 
in claire 11, the amount of said additive in the 
composition being 25-50% by weiht. 
14. The process which comprises first heatin 
about two molcular proportions of a phenol with 
one molecular proportion of phosphorus sulfo 0 
chloride a a temperature of .about 100-160  C: for 
a period of rime sufiïcient fo produce a reaction 
product which, after separation of any unreacted 
phosphorus sulfochloride, contains at least 1% 
by weight each of sulfur and  phosphorus and at 35 
least 0.75% by weight o2 chlorine, and ïurther " 
reacting such reaction product with an amount 
at least equivalent to the chlorine present in such 
reaction product of a metal salt ofthe formula 
RX S 40 
where 1 is a hydrocarbon, radical containing 2 
to 30 carbon at0ms, X is an element, selected ïrom 
the group consisting of oxygen and sulfur, and 
M represents the hydrogen equivalent of a metal 
selected from the group consisting of alkali ard 
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alkaline earth metals, by heating together af a 
temperature of about 50 to about 160 ° C. for a 
period of rime suflïcient to produce a final re- 
action product which, after separation of the 
product metal chloride, contains hot more than 
0.5 % by weight of chlorine. 
15. A process according to claire 14 in which 
the first described reaction is conducted in the 
presence of a Friedel-Crafts type catalyst. 
16. The process according to claire 15 in which 
the catalyst is. aluminum chloride. 
17. The process which comprises first heating 
about two molecular proportions of tertiary octyl 
phenol with one molecular proportion of phos- 
phorus sulfochloride af about 100 fo 160 ° C. for 
a peri0dof about 1 toabout 10 hours in the pres- 
ence of aluminum chloride as catalyst, and heat- 
ing the product thus formed with an amount of 
an alkali metal dialkyl dithiophosphate suflïcient 
fo react with the chlorine present in such product, 
in the presence of an inert solvent ai a tempera- 
ture of 50-100 ° C. for a period of 1 fo 10. hours, 
and removing the solvent and by-product alkali 
metal chloride from the final reaction mixture. 
18. The process which comprises heating about 
two .molecular proportions of tertiary octyl phenol 
with one moleoular proportion of phosphorus sul- 
fochloride in the presence of aluminum chloride 
as catalyst at a temperature of 100-160 ° C. for 
a period of 1 fo 10 hours, and racting the product 
thus ïormed with an amount Sufiïcient to react 
çvitt the chlorine prsent in such pïouct of 
tassiç.m diisopïopyl dithiophosphate in .the pres- 
ence of chloroform as solvent af the refiuxing 
tempeature of the solvent for a period of about 
two hours, filtering fo remove the precipitated 
potassium chloride, and removing the solvent 
from the filtrate by evaporation, 
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